Radiofrequency ablation is a possible palliative treatment for patients suffering from pancreatic neoplasia. However, radiofrequency-induced damage to the peripancreatic tissues during pancreatic ablation might cause fatal complications. The aim of this experimental ex vivo study on pigs was to verify ablation protocols and evaluate whether or not the cooling of peripancereatic tissues during pancreatic ablation has any benefit for their protection against thermal injury. Radiofrequency ablation was performed on 52 pancreatic specimens obtained from pigs. During each pancreatic ablation, continuous measurements of the temperature in the portal vein and duodenal lumen were performed. Peripancreatic tissues were either not cooled or were cooled by being submerged in 14 °C water, or by a perfusion of the portal vein and duodenum with 14 °C saline. The effects of variation in target temperature of the ablated area (90 °C and 100 °C), duration of ablation (5 and 10 min) and the effect of peripancreatic tissues cooling were studied. We proved that optimal radiofrequency ablation of the porcine pancreas can be reached with the temperature of 90 °C for 5 min in the ablated area. The perfusion of the duodenal and portal vein by 14 °C saline was found to be the most effective cooling method for minimizing damage to the walls. Continuous measurement of temperatures in peripancreatic tissues will provide useful feedback to assist in their protection against thermal injury. This therapy could be used in the treatment of pancreatic tumours.
Radiofrequency ablation (RFA) is a thermo-physical method using high frequency alternating current for destruction (thermocoagulation) of the tissue. Since the 1990s RFA has also been used in human oncology, as one of the methods of tumour destruction. Several studies have been performed using ex vivo and/or in vivo animal models to verify the effectiveness of RFA on various tissue types including the pancreas (Johnson and Cadeddu 2003; Date et al. 2005a,b; Lee et al. 2005) . It has been already applied to ablation for primary and secondary tumours of the liver, lung, breast, kidney, adrenal gland, prostate, brain, bones and biliary tract (Singletary 2003; Wood et al. 2003; Gananadha et al. 2004; Penka et al. 2004; Boss et al. 2005; Jansen et al. 2005; Martel et al. 2005; Shariat et al. 2005; Penka et al. 2008) . It has been used successfully for the treatment of primary hyperparathyroidism in dogs (Pollard et al. 2001 ) and hyperthyroidism in cats (Mallery et al. 2003 ). There are also several studies describing radiofrequency ablation of pancreatic tumours (Hlavsa et al. 2008; Limmer et al. 2009; Casadei et al. 2010) . Radiofrequency ablation might be one of the treatment options in patients with unresectable pancreatic tumours in both veterinary and human medicine. However, this new approach to the treatment of pancreatic malignancies is limited by the high rate of perioperative complications, including biliary or duodenal fistula, bleeding from peripancreatic veins and arteries and acute pancreatitis which can be fatal (Date et al. 2005b; Casadei et al. 2010) .
Before further clinical use of this method in veterinary and human surgery, it is therefore necessary to create a safe RFA technique for the pancreas, which would provide proper and predictable pancreatic parenchyma destruction with minimal risk of complications. In this experimental comparative study we have tried to determine the ablation protocol (time of ablation and average temperature in the ablated area) and the type of cooling of peripancreatic tissues (portal vein, duodenum) in order to establish a feasible and safe technique of radiofrequency ablation of pancreatic tissue.
Materials and Methods
The radiofrequency ablation was performed on 52 porcine pancreases that were obtained from healthy animals slaughtered at a commercial abattoir. We used a similar procedure describing previously by Date et al. (2005a) for the preparation of an ex vivo study of pancreatic radiofrequency ablation, which was modified by the use of cooling and perioperative measurement of the temperature in the target tissues i.e. the portal vein and duodenum. All 52 pancreas specimens were divided into three groups: A (n = 18), where radiofrequency ablation was performed without any cooling, B (n = 17) where pancreas and peripancreatic tissue were submerged in 14 °C water during ablation, C (n = 17) where the duodenum and portal vein were cooled by a perfusion of 14 °C saline (Plate VIII, Fig. 1 ). An RFA generator (RITA 1500X, Angiodynamics, Manchester GA, USA) with a 2 cm umbrella RFA electrode (StarBurst XL Electrode, length 15 cm; O.D 14Ga/6.4F) was used for all the ablations.
Each group was divided into three subgroups (e.g. A ). In subgroups A 90/5 (n = 6), B 90/5 (n = 6) and C 90/5 (n = 6), radiofrequency ablation of the pancreatic tissue was performed with an average temperature of 90 °C applied for 5 min. In subgroups A 90/10 (n = 6), B 90/10 (n = 5) and C 90/10 (n = 6), an average temperature of 90 °C for 10 min was used. In subgroups A 100/5 (n = 6), B 100/5 (n = 6) and C 100/5 (n = 5), an average temperature of 100 °C for 5 min was used.
During each ablation, the temperatures inside the duodenum and portal vein were continuously measured using special electrodes connected to the thermal data acquisition system OMEGA (OMB-DAQ-56, 20 channel 22 bit das system, OMEGA engineering Inc., Stamford, CT, US). Each specimen was preserved in formol and microscopically examined.
The damage to the duodenal wall and the portal vein wall, as well as the diameter of pancreatic necrosis was microscopically evaluated using a haematoxylin eosin and acid fuchsin orange stain technique (Plate VIII, Fig. 2 ). Three degrees of damage were separately determined for the duodenal and portal vein walls (Table 1) .
The diameter of pancreatic necrosis as well as damage to the portal vein wall and duodenal wall were compared with the ablation protocols, the types of cooling and the maximal temperatures inside the duodenum and portal vein.
A basic cohort description was performed using frequency tables and descriptive statistics (average, median, minimum and maximum). For testing the differences between the continuous values (pancreas necrosis diameter, temperature) of groups A, B, C, the standard nonparametric Kruskal-Walis test was applied. For evaluation of the categorical parameters (degree of portal vein wall and duodenal wall damage), Pearson's Chi-square test was used. As the significance limit of 0.05 was used, p values below 0.05 were viewed as significant.
408
Degree of duodenal wall damage Microscopic description of thermal damage 1 -Mild damage Changes in serosa and the outer half of the muscular layer 2 -Moderate damage Changes in the whole width of the muscular layer, no change in the submucosa and mucosa 3 -Severe damage Changes in submucosa and muscularis mucosae Degree of portal vein wall damage 1 -Mild damage Changes in 1/3 of the wall width 2 -Moderate damage Changes in 2/3 of the wall width 3 -Severe damage Changes in whole the wall width Table 1 . Radiofrequency ablation of porcine pancreases: degrees of duodenal and portal vein walls damage.
Results and Discussion
We have found a significant (p < 0.001) relationship between the size of necrosis and type of cooling (Fig. 3) . In contrast, no significant (p = 0.746) correlation between the size of necrosis and ablation protocol was found (Fig. 4) . It appears that a final temperature of 90 and/or 100 °C in the ablated area were similarly effective for sufficient destruction of pancreatic tissue, which corresponds to the findings described by Date et al. (2005a) . In other words, the size of necrosis in our experimental model of porcine pancreas can be influenced by the type of cooling and not by the ablation protocol used. 410 Fig. 6 . Relationship between the maximal duodenal lumen temperature and degree of damage to the duodenal wall during radiofrequency ablation of porcine pancreas. We have proved a significant relationship between the maximal temperature reached in the portal vein, and the degree of damage of its wall (Fig. 5) . Higher lumen temperatures caused major portal vein wall destruction. Correlation between the maximal temperature in the duodenal lumen and the degree of duodenal wall damage was not significant (p = 0.361) because of few measurements. Nevertheless, there was the trend of increasing duodenal wall destruction with maximal rises in temperature (Fig. 6) . Regarding the results of our ex vivo model, we determined that by utilizing continuous measurement of the temperature in peripancreatic tissues during pancreatic RFA, the severity of damage could be reduced. There is also a significant relationship between portal vein wall damage and the type of cooling (Table 2) . Correlation between duodenal wall damage and the type of cooling was not significant (Table 3) . Damage of the portal vein wall and the duodenal wall was not shown to be significant regarding the dependence of the ablation protocol (Tables  4 and 5) .
Despite this, Tables 4 and 5 show an increasing trend of duodenal and portal vein wall damage when approaching ablation protocols of 90 °C/5min, 100 °C/5 min, and 90 °C/10 min.
In conclusion, although some results were not significant, we have proved that optimal radiofrequency ablation of the porcine pancreas can be reached with the average temperature of 90 °C in the ablated area for 5 min. Continuous measurement of temperatures in peripancreatic tissues will aid their protection against thermal injury. The perfusion of the duodenal and portal vein lumina by 14 °C saline was found to be the most effective cooling method for minimizing damage to the walls. This combination of ablation protocol and type of cooling offers appropriate pancreatic parenchyma damage with a low risk of duodenal or portal vein injury. Plate 
